Background. Autologous breast reconstruction offers excellent long term outcomes after mastectomy. However, maintaining adequate postoperative analgesia remains challenging. Use of paravertebral blocks (PVBs) reduces postoperative narcotic use and length of stay, and enhanced recovery protocols with mixed analgesia methods are gaining popularity, but few studies have explored the intraoperative effects of these interventions. Methods. Patients who underwent abdominally based autologous breast reconstruction between 2010 and 2016 were compiled into a retrospective database. We used electronic medical records to determine demographics, as well as perioperative and intraoperative vital signs and narcotic, anxiolytic, crystalloid, colloid, blood product, and vasopressor requirements, and postoperative complications. Results were compared between patients who had a PVB and those who did not and those who had a PVB alone and those who followed our enhanced recovery protocol using standard statistical methods and adjusting for preoperative values. Results. A total of 170 patients were included in the study. Sixty-six had a PVB, and 104 did not. Of the 66 who had a PVB, 19 followed our enhanced recovery protocol. Patients who did not have a PVB required 171.6 mg of total narcotic medication in the perioperative period, those with a PVB alone required 146.9 mg, and those who followed the ERAS protocol 95.2 mg (p = 0.01). There was no difference in intraoperative mean arterial pressure, time with mean arterial pressure \80% of baseline, vasopressor use, or fluid requirement. There was no difference in complication rate. Conclusions. PVBs and an enhanced recovery protocol reduce the use of narcotic medications in autologous breast reconstruction without impacting intraoperative hemodynamics. Breast reconstruction after mastectomy restores body image and improves health-related quality of life, satisfaction with appearance and physical, psychosocial, and sexual well-being (Donovan et al. in J Clin Oncol 7(7): 959-968, 1989; Eltahir et al. 
than half of the 44,000 deaths due to drug overdoses (51.8%) were related to prescription drugs; the majority were opioid medications. 8 Strategies to minimize the use of these medications are key to increasing patient satisfaction, shortening hospitalizations, and decreasing complication rates. 9, 10 Regional anesthesia, namely the paravertebral block (PVB), has been proven to be an effective technique at reducing acute and chronic postoperative pain, intravenous narcotic use, and hospital length of stay for patients undergoing all types of surgery. [10] [11] [12] [13] [14] [15] In other studies, PVBs and other local and regional anesthesia techniques have been shown to give superior analgesia with less narcotic use and thereby fewer side effects in the postoperative period. 16, 17 The effect of PVBs on intraoperative narcotic requirements, fluid requirements, and hemodynamics in patients undergoing autologous breast reconstruction is unknown. Hemodynamic stability in patients undergoing autologous breast reconstruction is critical, as flaps depend greatly on consistent perfusion throughout their dissection and anastomosis of vessels. Both fluid under-and over-resuscitation have been linked to increased flap failure rates. 18, 19 Thoracic PVBs typically are administered in the wedgeshaped space between the transverse processes of spinal column and provide analgesia to the intercostal nerves and sympathetic chain surrounding the level targeted. 20 While some studies have cited an increased vasopressor requirement to treat intraoperative hypotension, not all studies evaluating the effects of PVBs have found differences in hemodynamics compared with general anesthesia alone. 9, 21 Furthermore, enhanced recovery after surgery (ERAS) protocols in autologous breast reconstruction are gaining acceptance and have been shown to decrease length of stay and narcotic use. 22, 23 The ERAS protocol at our institution includes preoperative medications, including OxyContin, gabapentin, celecoxib, and acetaminophen. The effect of this combination of medications on intraoperative hemodynamics, and fluid and medication requirements is unknown.
The goal of this study was to explore the effect of the paravertebral block and preoperative medications used in our ERAS pathway on intraoperative blood pressure, fluid requirements, and narcotic requirements. We hypothesize that use of a PVB lowers narcotic and anesthetic gas use but may lead to a decrease in average MAP during the procedure, which could have an effect on flap survival and outcomes.
METHODS
After approval from the Institutional Review Board (#201610048), we compiled data from all patients who underwent abdominally based autologous breast reconstruction by the senior author (TMM) between the years of 2010 and 2016. Patients were ineligible if they underwent prior prosthetic breast reconstruction, a nonbreast procedure at time of reconstruction, nonabdominally based microvascular reconstruction, or pedicled, nonmicrovascular, autologous reconstruction (e.g., latissimus dorsi flap or pedicled TRAM flap).
From the electronic medical record, we collected basic demographic and surgical data, including age, baseline narcotic and benzodiazepine use (mg used per day as an outpatient), date of surgery, ASA class, flap type, laterality, and preoperative PVB and/or inclusion in the ERAS protocol that was developed and implemented in October 2015 (Appendix 1 in supplementary material). We then queried the Metavision anesthesia tracking system to obtain preoperative variables and intraoperative variables. Fellowshiptrained regional anesthesiologists gave all blocks in the preoperative holding area prior to general anesthesia, and included all patients who were (a) willing to undergo PVB and (b) were physically able to undergo PVB. We followed appropriate standards per ASA recommendations with supplemental oxygen and cardiovascular monitoring and adhered to sterile technique throughout the procedure. Under ultrasound guidance (Sonosite S-nerve), a 20-or 21-gauge needle was used to deliver 15-20 mL of 0.5% bupivacaine (per side) at the T2-4 paravertebral space(s). Patients were positioned in the sitting position for the paravertebral block with the para-sagittal technique.
In 2015, we initiated an ERAS protocol and all patients eligible for a PVB and without allergies to the agents in Appendix 1 in supplementary material also were eligible for this protocol. Patients on the ERAS protocol were given either 30 mL of bupivacaine or 30 mL of liposomal bupivacaine to the abdominal wall via transversus abdominal plane (TAP) block immediately before closure of the abdominal donor incision and conclusion of the operation. All procedures were done under general anesthesia with sevoflurane and desflurane as the primary agents.
Preoperative heart rate and blood pressure are an average of the first two readings upon arrival to preoperative holding. Intraoperative heart rate, blood pressure, and MAC were an average of all values from induction to anesthesia emergence. To further characterize the degree of hypotension, and maximize our sensitivity to detect a difference, an area under the curve (AUC) analysis also was performed.
Summary statistics were generated using established methods, two-sided Student's t testing and Fisher exact testing and are reported in Table 1 as mean ± standard deviation or number (percent) for continuous and categorical variables, respectively. Analysis of covariance (ANCOVA) was used to adjust intraoperative heart rate, systolic blood pressure (SBP), diastolic blood pressure (DBP), and MAP for preoperative values. A similar method was used to adjust for baseline narcotic and benzodiazepine use. All results are reported with this adjustment. Intraoperative and postoperative narcotic and benzodiazepine use were not adjusted for antecedent doses due to their short duration of activity. All narcotics given were converted to IV morphine equivalents, and all benzodiazepines given to IV midazolam. All statistics were performed in SAS 9.4 (Cary, NC). Two-sided alpha \0.05 indicated significance in all tests.
RESULTS
A total of 170 patients were included in the study. There were no patients excluded. Sixty-six had a PVB preoperatively, and 104 did not. Demographic and surgical variables are included in Table 1 .
Effects of the PVB
When comparing patients who had a PVB and those who did not, there were no differences in age, weight, preoperative vital signs, preoperative narcotic use, or proportion of patients undergoing immediate or delayed reconstruction. Those who received a PVB did receive more preoperative crystalloid fluid than those who did not (403.4 cc vs. 286.5 cc, p \ 0.001; Table 1 ). There were no differences in intraoperative vital signs either before or after adjusting for preoperative vital signs, the number of minutes or area under the curve MAP was \65 mmHg, the AUC or time MAP was \80% of baseline, nor total crystalloid fluid given. Those who did not have a PVB did receive more colloid fluids (Table 2) . Overall, 30 (43.5%) patients who got a PVB and 39 (56.2%) who did not receive PVB required pressors (p = 0.34). Of these patients, there was no difference in number of doses of pressor medication given.
In terms of medication use, patients who had a paravertebral block received preoperative narcotic and anxiolytic before their block placement and therefore were given more preoperative medication than those who did not receive a block (Table 2 ). While there was no difference in intraoperative or postoperative narcotic use, those who received a PVB did use less narcotic medication than those who did not after adjusting for baseline narcotic usage (132.6 mg vs. 171.6 mg, p \ 0.01). Again patients receiving a PVB did receive more benzodiazepines in total than those who did not, including after adjusting for baseline use (5.8 mg vs 4.0 mg, p \ 0.01).
Effects of the ERAS Protocol
Of the 66 patients who had a PVB, 19 followed the ERAS protocol and also received preoperative OxyContin, gabapentin, acetaminophen, and celecoxib preoperatively, as well as intraoperative dexamethasone and ondansetron. Demographics and surgical variables are included in Table 3 . In this subgroup, there was no difference in age, weight, preoperative heart rate or fluids, or type or timing Table 4 . We found that there were no differences in most adjusted intraoperative vital signs, nor in time spent in the OR with MAP\65 mmHg or \80% of baseline. However, patients following the ERAS protocol did have significantly less AUC (the integral of minutes \80% of baseline and the degree of hypotension), indicating that since they started with a lower MAP than their non-ERAS counterparts, they also had less deviation from their baseline blood pressure during their surgery, despite spending similar time with MAP \65 mmHg. ERAS patients also had a significantly lower average MAC than those with a PVB alone. There were no differences in the amount of fluid administered, the percentage or patients requiring blood products or pressors, nor the number of pressor doses given (Table 4) .
In terms of medication requirements, we found that patients who followed the ERAS protocol received more narcotic medication preoperatively than those who had a PVB alone, as per the protocol guidelines (Appendix 1 in supplementary material), with ERAS patients receiving 35.1 mg and PVB only patients receiving 22.6 mg. However, patients following the ERAS protocol received significantly less intraoperative narcotic (49.5 mg vs. Preoperative, intraoperative, postoperative, and total narcotic and benzodiazepine requirements were adjusted for baseline use. Narcotic use is reported in IV morphine equivalents. Benzodiazepine use is reported in IV midazolam equivalents 116.7 mg, p \ 0.01) and used significantly less narcotic medication in the entire perioperative period after adjusting for baseline use (100.6 mg vs. 146.8 mg, p \ 0.01).
Patients following the ERAS protocol received more benzodiazepines than those with a PVB alone intraoperatively, despite preoperative use being similar (4.1 mg vs. 1.5 mg, p \ 0.01). They also used more benzodiazepines in total than those with a PVB alone after adjusting for baseline use (7.6 mg vs. 5.1 mg, p \ 0.01).
DISCUSSION
In this study, we evaluated the effects of paravertebral blocks on intraoperative and immediate post-operative vital signs, fluid administration, blood product use, pressor, anxiolytic, and narcotic requirement. As paravertebral blocks and ERAS protocols gain widespread use and acceptance in our field, it is critical their effects on intraoperative physiology are explored thoroughly to avoid any adverse effects on patient and flap outcomes. We found no difference in intraoperative SBP, DBP, MAP, heart rate, or total fluid use between patients with a PVB and those who did not. This is likely due to careful attention to changes in vital signs throughout the case and subsequent adjustments and resuscitation when necessary by the anesthesia team. Before adjusting for preoperative vital signs, patients who underwent reconstruction with the ERAS protocol did have lower intraoperative MAP (66.5 mmHg vs. 70.1 mmHg, p = 0.01). However, this difference is entirely accounted for by adjusting for differences in preoperative blood pressure (67.4 mmHg vs. 69.9 mmHg after adjustment, p = 0.23). The intraoperative blood pressure difference is in fact much less than the baseline blood pressure difference between groups. Patients following the ERAS protocol also had significantly less deviation from their baseline MAP than patients with a PVB who did not follow this protocol, again likely due to baseline blood pressure differences. This evidence leads us to recommend optimization of blood pressure prior to the day of surgery to minimize deviation from baseline blood pressures intraoperatively. There is evidence that preoperative hypertension may be related to postoperative complications in free flap surgery, so the addition of preoperative blood pressure control to our ERAS protocol may be beneficial. 24 Furthermore, patients who underwent preoperative PVB received less total narcotic medication than patients who did not, and patients who followed the ERAS protocol (Appendix 1 in supplementary material) received less narcotic medication than those who had a PVB alone. This has been shown in prior literature and decreases the risk of narcotic associated complications during the recovery period and reduction in narcotic use may also decrease overall length of stay. 10, 13, 14 Due to the increase in opioidrelated complications and deaths in the United States, minimizing use of these medications at any point in care may be a benefit to our patients and society.
Less deviation from baseline MAP also may have been dependent on less narcotic use. However, patients who had PVBs placed did receive more benzodiazepines than those All patients had PVB who did not, and patients who followed the ERAS protocol received more than those with a PVB alone. Blocks are being placed earlier in the perioperative area due to an established order set for the ERAS protocol, and patients may receive a second dose of benzodiazepines before induction of anesthesia.
Despite increasing popularity and literature supporting improvements in postoperative pain control, nausea, patient satisfaction, and decreased length of stay, there are no studies to our knowledge that look at the effects of PVB blocks on hemodynamics and intraoperative medication use during autologous breast reconstruction. 10, 13, 25, 26 PVBs are found to be relatively safe, and hypotension is rare in normovolemic patients. [27] [28] [29] [30] However, in patients who are hypovolemic, there may be a greater risk of associated hypotension with use of regional anesthesia. 28 Hypotension and hypovolemia-factors that lead to decrease cardiac output and vasoconstriction-have been associated with adverse outcomes in free tissue transfer. 31, 32 Conversely, existing literature also shows that fluid overload is associated with both perioperative morbidity and flap thrombosis-the balance of maintaining adequate perfusion and preventing excess fluid administration is delicate. 18, 33 Our PVB groups and ERAS subgroup had similar blood pressure measurements and fluid administration throughout the intraoperative period, and similar doses of vasopressor medications. The use of vasopressors for management of intraoperative hypotension, while previously avoided in microsurgery, has not been found to have a significant adverse effect on flap outcomes, although caution is still recommended based on known effects of vasoconstriction in animal models. 32, 34, 35 In our study, neither the use of a PVB or our ERAS protocol had an effect on use of vasopressor medications (Table 5) .
One limitation of these findings is that data were collected retrospectively and results may be biased due to this. Furthermore, this is a single institution trial, and trends in anesthesia and operative technique may differ from those at other institutions limiting external applicability. Lastly, there are limited numbers of patients in the ERAS protocol group since it was recently implemented. We will continue to study the effects of this protocol.
Despite the limitations described above, we feel confident that use of paravertebral blocks is safe from a hemodynamic standpoint, and reduces the amount of narcotic medication used during the perioperative period. Furthermore, the addition of the medications in our ERAS protocol (OxyContin, acetaminophen, gabapentin, and celecoxib) did not alter intraoperative blood pressure, heart rate, or fluid administration, while decreasing narcotic requirement. In turn, we may optimize patient satisfaction and minimize cost of autologous breast reconstruction. 
